Scirpus littoralis Schrab and Typha orientalis C. Presl are cultivated in the paddy field and in the shrimp pond in the Mekong Delta of Viet Nam for human food and providing habitat for shrimp, respectively. They are recognized as phytoremediator in brackish shrimp aquaculture wastewater treatment system. However, information on effects of NaCl on plant growth and mineral concentrations of the two species is limited. Therefore, the present study was carried out to identify salt-tolerance between the two species. Six NaCl salinity concentrations (0, 5, 10, 15, 20, 30 ‰) and two plant species were arranged in a completely randomized factorial design with three replications. The plants were supplied full strength Hoagland's solution as growth condition with an increment of NaCl 5 ‰ weekly for 6 weeks. T. orientalis had 65 % mortality at the high NaCl level of 20-30 ‰ while 100 % S. littoralis plant survived with only young shoots remained green. Fresh weight of T. orientalis at the 0 ‰ was 30.6 g FW/plant higher than those at the 20-30 ‰ (8.3-6.4 g FW/plant, respectively) leading to the same pattern in dry weight. The amount of Na + accumulated in the shoots of T. orientalis at 30 ‰ (27.4 mg/g) higher than those at 0-5 ‰ (2.76-10.1 mg Na + /g). S. littoralis had a lower Na + content in the shoots (20.1 mg Na + /g) than that of T. orientalis at 30 ‰. The Cl -concentration in the shoots of T. orientalis at 0 ‰ (19.7 mg Cl -/g) was significantly lower than that at 30 ‰ (83.3 mg Cl -/g) and was ~1.3 times higher than that of S. littoralis at 15-30 ‰. Between two studied plants, T. orientalis accumulated a higher Na + and Cl -concentration in the roots and shoots especially at the high levels of NaCl of 15-30 ‰. That indicated S. littoralis are able to withstand salt stress and can be considered the best bio-filter candidate in the integration of constructed wetlands and marine shrimp culture towards sustainable aquaculture in the Mekong delta, Viet Nam.
INTRODUCTION
The Mekong Delta (MD) in southern Viet Nam possesses more than four million ha of natural land area, of which water bodies excluding rivers comprise 954,350 ha and 32.8 % of this area is brackish water [1] . The major environmental issue related to the intensive aquaculture production is the treatment of nutrients and salt-enriched aquaculture effluents causing physical, chemical and biological changes in the environment. It is therefore necessary to develop aquaculture systems with a sustainable production which will have long-term benefits for the environment. Phytoremediation is defined as the use of plants and their associated microbes for environmental clean-up [2] . However, there was limited information of growing non-halophytic species in constructed wetlands (CWs) for purification of saline aquaculture wastewater particular in Viet Nam. Maas and Hoffman [3] defined two essential parameters for salt tolerance of a crop plant including the first is the maximum allowable salinity without yield reduction below corresponding control treatment, and the second is the percentage yield reduction per unit of salinity increase beyond the threshold. Salt tolerance is also usually assessed as the percent biomass production in saline versus control conditions over a prolonged period of time. Salt tolerance can also be assessed in terms of survival and growth rate. Furthermore, salt tolerant plants differ from salt-sensitive ones in having a low rate of Na + and Cl -transport to leaves [4] . In the present study, Scirpus littoralis Schrab and Typha orientalis C. Presl were chosen to study salt-stress. In fact, T. orientalis and S. littoralis are cultivated in the paddy field and/or in the shrimp ponds in the MD for human food and providing habitat for shrimp, respectively. According to farmers, the purpose of planting sedge is to improve the pond environment and to increase sources of organic feed materials as well as density of natural food in the pond. In addition, the sedge grass helps regulate pond temperature in hot weather. To understand the potential effects of increased surface water salinity on these aquatic macrophytes, information is needed regarding the duration and concentration of salt exposure in relation to the response of the plant species. It is currently largely unknown to what degree surface water salinity could increase under the conditions predicted by different climate change scenarios. Therefore, the present study was carried out to identify salt-tolerant between the tested species through survival, growth, biomass and mineral nutrient content in shoots and roots.
MATERIALS AND METHODS

Experimental setup
A completely randomized design consisting of two plant species (Scirpus littoralis Schrab and Typha orientalis C. Presl) and six NaCl salinity levels (0, 5, 10, 15, 20, 30 ‰) was set up in triplicates. The experiment was conducted at the College of Environment and Natural Resources of Can Tho University, Viet Nam (10.03° N latitude and 105.76° E longitude).
Plant materials and salinization
Rhizomes and young plants of the two studied species were collected from the fields. Three individual young and similar size plants for each species were placed in each 4-L container. Four liters of one-fourth-strength Hoagland's solution [5] was applied to plants for the first three days then increased to one-half-strength for the next four days. In the second week, the full-strength Hoagland's solution was used as nutrient supply until the end of the experiment. Salinization commenced on the day 28 th after transplant. Sodium chloride (NaCl) was added into the growth solution with a weekly increment 5 ‰ until reached the NaCl level of 30 ‰. Salinity was measured using a refractometer (Alla, France). During the salinization, nutrient solutions were renewed twice a week to ensure adequate nutrients for plant growth [6] . The plants grown at 0 ‰ NaCl were used as the controls.
Plant growth, biomass and mineral composition
A non-destructive method was used to analyze shoot growth rate. The height of shoot was measured weekly while length of root was measured at the beginning and the end of the study with a ruler. The shoot and root growth rate were calculated from the difference of shoot height and root length measurements at the beginning and at the end of the study divided by time. A total of 66 days was the whole study period in which 28 days was without salinization and 38 days was salinization. At harvest, plants were carefully removed from the media and the roots were washed in distilled water before separated into roots and shoots. The fractions were weighed for fresh biomass and dried at 60 °C until constant weight to determine for dry weight. This dry sub-sample was used for sodium (Na) and chlorine (Cl) analyses using Atomic Absorption Spectrophotometry.
Statistical analysis
Data were tested for normal distribution and variance homogeneity (Levene's test) and logarithmically transformed if necessary. Differences in plant growth, biomass and mineral content in plant fractions were identified using two-way ANOVA (species x salinity levels) using Type III sum of squares. Salinity effects within species and species effects within salinity were analyzed by one-way ANOVA. Tukey Honestly Significant Differences (HSD) was used to identify significant differences between species and between salinity at the 5 % probability level. The software Statgraphics Centurion XV (StatPoint, Inc., USA) was used for all statistical analyses.
RESULTS AND DISCUSSION
Survival rate and number of new shoot
Salinity did not affect survival rate (p>0.05) but plant species significantly affected survival rate (p < 0.05; Fig. 1A ). At the second week of salinization, young shoot appeared in all salinity levels of two species as well as stress symptom of leaf rolling and wilting started. The major part of shoots eventually dried out at the 4 th week of salinization and more severe effect on T. orientalis. Although the mother plant of S. littoralis at the high NaCl level of 30 ‰ was dried out, the young shoots remained green (Fig. 1D ) and they were counted as survival plant. Therefore, S. littoralis had 100 % plant survived while T. orientalis had an average of 65 % mortality at the high NaCl levels of 20-30 ‰. Typha species are well known to be moderately salt tolerant. Crain et al. [7] reported that narrowleaf cattail (T. angustifolia) had a reduction of 22 % biomass as grown at 20-30 ‰ salinity as compared to that at 0 ‰ level while Konisky and Burdick [8] documented only 50 % survival of transplants at a salinity of 10 ‰ in the field experiment. The number of new shoot of S. littoralis was higher than that of T. orientalis and was reduced as salinity increased (p<0.05; Fig. 1B) . At the low level of NaCl (0-5 ‰) no phenotypic differences were observed between S. littoralis and T. orientalis. With gradual increases in NaCl T. orientalis started show symptoms of leaf rolling, and the major part of shoots eventually dried out when NaCl exeeded 10 ‰ (Figs. 1C & 1D; 2C & 2D) . In contrast, all S. littoralis young shoots in NaCl-treated plots survived till the end of the experiment, except at the NaCl 30 ‰ old leaves of S. littoralis showed stress symptoms (Figs. 2C & 2D ) but did not cause in a reduction of shoots dry weight (Fig. 3B) . Doan et al. [9] reported the constructed wetland system treated recirculated intensive whiteleg shrimp tank culture at 10 ‰ salinity level with the presence of T. orientalis that helped maintaining water quality for better shrimp growth compared to the unplanted systems. This indicates the potential of T. orientalis for phytoremediation, however, the authors did not assess for higher level of salinity which might occur in the commercial whiteleg shrimp farm of 20-27 ‰ in the MD [10] and even higher level at the dry season with saline intrusion.
Plant growth and biomass allocation
Salinity did not affect height of plants, length of roots and growth rate of the two tested species (Figs. 2A & 2B) . T. orientalis produced 30.6 g FW/plant at the 0 ‰ higher than (p < 0.05) those at the 20-30 ‰ (8.3-6.4 g FW/plant, respectively) leading to a similar pattern in dry weight (Figs. 3A & 3B) . The results showed that high NaCl levels inhibited plant biomass of T. orientalis but did not affect on S. littoralis that indicated S. littoralis appeared to be a higher salt-tolerant plant. In our survey on recent native and/or cultivated plant species in the brackish shrimp pond, the farmers said purpose of planting S. littoralis in the shrimp pond is to improve the pond environment and to increase sources of organic feed materials as well as density of natural food in the pond (unpublished data). In addition, they mentioned that in the context of climate change particularly saline intrusion, semi-intensive farming system with one shrimp crop and one sedge crop is the best of choice, and they prefer to grow S. littoralis due to its high salttolerant ability (unpublished data). Vegetative growth is the most sensitive stage to salinity, at indicates significant difference between NaCl levels within plant species.
the later stage is less affected [11] . Salinity reduces the ability of plants to take up water, and this quickly causes a reduction in growth rate, along with a suite of metabolic changes identical to those caused by water stress. The salt-treated plants showed visually clear responses of inhibited growth under salt stress condition compared to control plants with common symptoms as leaves turning white, chlorotic patches appear on some leaves and plant stunting (Figs. 2C & 2D) . Asterisk ( * ) indicates significant difference between two plant species within NaCl level. Different letter indicates significant difference between NaCl levels within plant species.
Mineral compositions
Concentrations Na + and Cl -in both shoots and roots of T. orientailis and S. littoralis were prone to increase when salinity levels increase (p<0.05; Fig. 4) . The Na + concentration in the shoots of T. orientalis at 30 ‰ was of 27.4 mg/g, which significantly higher (p<0.05) than those at 0-5 ‰ (2.76-10.1 mg Na + /g) and was similar with the rest of NaCl levels (p>0.05) (14.4-22.5 mg Na + /g). The same trend of Na + accumulation in the shoots of S. littoralis was reported in NaCl levels with the smallest value at 0 ‰ (5.9 mg Na + /g) and a 3.4-fold increase at 30 ‰ (20.1 mg Na + /g). Between two studied plants, T. orientalis accumulated a higher Na + concentration in the roots and shoots especially at the high levels of NaCl of 15-30 ‰. The Cl -concentration in the shoots of T. orientalis at 0 ‰ (19.7 mg Cl -/g) was significantly lower (p<0.05) than that at 30 ‰ (83.3 mg Cl -/g) and was ~1.3 times higher than that of S. littoralis at 15-30 ‰. The lower concentration of Na + and Cl -accumulated in the shoots and the roots of S. littoralis compared to T. orientalis at all NaCl levels which can be associated higher salt tolerance of S. littoralis [12] .
CONCLUSION
Typha orientalis had 65 % mortality at the high NaCl level of 20-30 ‰. Although the mother plant of S. littoralis at the high NaCl level of 30 ‰ was dried out, the young shoots remained green, thus S. littoralis had 100 % plant survived. Fresh weight of T. orientalis at the 0 ‰ was 30.6 g FW/plant higher than those at the 20-30 ‰ (8.3-6.4 g FW/plant, respectively) leading to the same pattern in dry weight. The amount of Na + accumulated in the shoots of T. orientalis at 30 ‰ (27.4 mg/g) higher than those at 0-5 ‰ (2.76-10.1 mg Na + /g). S. littoralis had a lower Na + content in the shoots (20.1 mg Na + /g) than that of T. orientalis at 30 ‰. The Cl -concentration in the shoots of T. orientalis at 0 ‰ (19.7 mg Cl -/g) was significantly lower than that at 30 ‰ (83.3 mg Cl -/g) and was ~1.3 times higher than that of S. littoralis at 15-30 ‰. Between two studied plants, T. orientalis accumulated a higher Na + and Cl -concentration in the roots and shoots especially at the high levels of NaCl of 15-30 ‰.
Both species appeared to be salt-tolerant plant at the threshold NaCl concentration of 20 ‰, however, S. littoralis could tolerate up to 30 ‰. That indicated S. littoralis are able to withstand salt stress and can be considered to grow in the shrimp pond. However, further study on potential use of S. littoralis as phytoremediator for marine aquaculture wastewater treatment is needed.
